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The su r f ace  of t he  southern  hemisphere of Miranda imaged by Voyager 2 
(Smith e t  a l e ,  1986) is  d i v i s i b l e  i n t o  two genera l  types of t e r r a i n :  c r a t e r e d  
t e r r a i n ,  cha rac t e r i zed  by numerous c r a t e r s  and undulat ing i n t e r c r a t e r  p l a i n s ;  
and bas ins ,  c i r c u l a r  t o  r ec t angu la r  a r e a s  of complex morphology having la rge-  
s c a l e  albedo markings. (The term "basin" is  used without  a gene t i c  
imp l i ca t ion , )  To determine t h e  r e l a t i v e  ages of t he  t e r r a i n s  and t h e  l eng th  
of geologic  a c t i v i t y ,  crater-frequency d a t a  were compiled f o r  var ious  p a r t s  of 
t h e  c r a t e r e d  t e r r a i n  a n d ' t h e  b a s i n s  (Table 1 ) .  
A l l  of t h e  well-resolved impact c r a t e r s  a r e  e i t h e r  bowl shaped o r  f l a t  
f l oo red ;  c r a t e r s  having c e n t r a l  peaks o r  r i n g s  were not  observed. Almost a l l  
c r a t e r s  >20 km i n  diameter a r e  degraded and some a r e  bare ly  de t ec t ab le ,  
Smaller c r a t e r s  range i n  appearance from f r e s h  t o  degraded. E j e c t a  d e p o s i t s  
a r e  genera l ly  absent ,  a l though two c r a t e r s  a r e  surrounded by low-albedo e j e c t a  
mater i  a l .  
The c ra t e red  t e r r a i n  has a var ied  c r a t e r  frequency t h a t ,  i n  p a r t ,  is  
r e l a t e d  t o  p o s i t i o n  on t h e  s a t e l l i t e .  From t h e  anti-Uranian hemisphere ( long  
180') t o  t he  sub-Uranian hemisphere ( long oO) ,  from a r e a s  A t o  B t o  C ,  c r a t e r  
f requencies  decrease by a n  o rde r  of magnitude (Table 1 ) .  Di f fe rences  i n  
c r a t e r  f requencies  and t h e  shape of t h e  cumulative size-frequency 
d i s t r i b u t i o n s  i n d i c a t e  a r e su r f ac ing  of t h e  c r a t e red  t e r r a i n ,  t h e  sub-Uranian 
hemisphere having been more a f f e c t e d  than  t h e  anti-Uranian hemisphere. 
Within t h e  c r a t e r e d  t e r r a i n  i n  t h e  anti-Uranian hemisphere, near Pat  
-50°, long 180°, t h e  size-frequency d i s t r i b u t i o n s  correspond t o  those of 
s teady-s ta te  su r f aces  on t h e  Moon. This  correspondence i n d i c a t e s  t h a t  t h e  
c r a t e r e d  t e r r a i n  is  l o c a l l y  s a t u r a t e d  wi th  c r a t e r s  <7 km i n  diameter.  
A g rad ien t  i n  t h e  c r a t e r i n g  r a t e  from t h e  leading  t o  t h e  t r a i l i n g  
hemisphere (Shoemaker and Wolfe, 1982; Horedt and Neukum, 1984) can  exp la in  
the  observed p a t t e r n  of r e su r f ac ing  and t h e  c o r r e l a t i o n  of c r a t e r  f requencies  
wi th  p o s i t i o n  wi th in  the  c r a t e r e d  t e r r a i n .  The d a t a  suggest  t h a t  Miranda 
o r i g i n a l l y  w a s  o r i en t ed  about  90' from i t s  present  o r i e n t a t i o n ,  such t h a t  t h e  
most heavi ly  c r a t e red  a r e a s  t h a t  a r e  now near  long 180' were o r i g i n a l l y  near  
0 t h e  apex of motion ( long  90 ). Resurfacing wi th in  the  c r a t e r e d  t e r r a i n  
r e s u l t e d  from t h e  b a l l i s t i c  d i s t r i b u t i o n  of e j e c t a  t h a t  eroded and buried a l l  
c r a t e r s  t o  some ex ten t  bu t  was most e f f e c t i v e  on t h e  smal l  ones. Apparently,  
a s  a r e s u l t  of t he  formation of t he  bas ins ,  Miranda's moments of I n e r t i a  were 
changed, r e s u l t i n g  i n  a r e o r i e n t a t i o n  of t h e  s a t e l l i t e ,  
The banded bas in  i n  t h e  leading  hemisphere c o n s i s t s  of a smooth i n t e r i o r  
a r e a  and a marginal a r e a  cha rac t e r i zed  by albedo banding r e s u l t i n g  from 
concent r ic ,  outward-facing scarps .  The i n t e r i o r  has  a h ighe r  c r a t e r  frequency 
than  the  margin (Table 1 ) .  Although t h e  frequency d i f f e r e n c e  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  i t  may not r e f l e c t  a r e a l  d i f f e r ence  i n  formation ages: t h e  
ex tens ive  f a u l t i n g  i n  t h e  margin might have o b l i t e r a t e d  c r a t e r s ,  thereby 
lowering t h e  observed c r a t e r  frequency and t h e  apparent age. 
The grooved bas in  i n  t h e  t r a i l i n g  hemisphere c o n s i s t s  of a n  i n t e r i o r  
a r e a ,  cha rac t e r i zed  by randomly o r i en t ed  r idges  and t roughs,  and a marginal 
a r e a ,  cha rac t e r i zed  by p a r a l l e l ,  c l o s e l y  spaced r i d g e s  and grooves. The 
i n t e r i o r  has  a s i g n i f i c a n t l y  h igher  c r a t e r  frequency than  t h e  margin (Table 
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1 ) .  A l l  of the  c r a t e r s  w i th in  t h e  margin a r e  superposed; none appear  t o  be 
a f f e c t e d  by the  grooving, i n d i c a t i n g  t h a t  t h e  frequency r ep resen t s  a formation 
age r a t h e r  than a c r a t e r - r e t e n t i o n  age. 
The po la r  bas in  was divided i n t o  four  a r eas :  t h e  b r i g h t  chevron-shaped 
0 f e a t u r e ,  grooved a r e a  A (nea r  l a t  -70 , long 300°), grooved a r e a  B (near  l a t  
-55O, long 340°), and a boundary a r e a  t h a t  p a r t l y  surrounds t h e  o t h e r  a r eas .  
Three areas--the chevron, grooved a r e a  A, and t h e  boundary area--have s i m i l a r  
c r a t e r  f requencies  (Table I ) ,  i n d i c a t i n g  t h a t  they developed 
contemporaneously . Grooved a r e a  B has  s t a t i s t i c a l l y  h ighe r  c r a t e r  
f requencies ,  which may represent  a c r a t e r - r e t  en t  ion  r a t h e r  than  a format i on  
age. Th i s  a r e a  may have formed by t h e  t e c t o n i c  d i s r u p t i o n  of ad jacent  
c r a t e r e d  t e r r a i n  and i t  may have i n h e r i t e d  some p reex i s t i ng  c r a t e r s .  This may 
exp la in  why t h e  c r a t e r  f requencies  f o r  grooved a r e a  B a r e  lower than  those  
c h a r a c t e r i s t i c  of t h e  c r a t e r e d  t e r r a i n  but  h ighe r  than those  of a "new" 
su r f ace  of t h e  same age t h a t  w a s  o r i g i n a l l y  uncra te red .  
Crater-frequency d a t a  i n d i c a t e  t h a t  t he  c r a t e r e d  t e r r a i n  is t h e  o l d e s t  
t e r r a i n  on Miranda and t h a t  i t  has been l o c a l l y  resur faced .  Ages of t h e  
grooved and banded bas ins  a r e  similar but  younger than t h e  c r a t e r e d  t e r r a i n ,  
and t h e  po la r  bas in  i s  t h e  youngest t e r r a i n .  Observed c r a t e r  f requencies  on 
Miranda a r e ,  i n  genera l ,  lower than  those  on any of t he  o t h e r  Uranian 
s a t e l l i t e s ,  i n d i c a t i n g  t h a t  Miranda's su r f aces  a r e  t h e  youngest i n  t h e  
system. Miranda's r e l a t i v e  youth is even more apparent  when t h e  inc rease  of 
t he  c r a t e r i n g  r a t e  inward from Oberon is  considered;  t h e  c r a t e r i n g  r a t e  a t  
Miranda i s  about 1 4  times t h a t  a t  Oberon (Smith e t  a l . ,  1986). Thus, a 
su r f ace  on Miranda da t ing  t o  t h e  same pe iod  a s  does Oberon's would have about 8 2 20,250 c r a t e r s  > 10  km i n  diameter/lO km . However, t he  observed c r a t e r  
f requencies  on Miranda  (Table 1 )  a r e  s e v e r a l  o rde r s  of magnitude lower. 
Apparently, the  recorded geologic  h i s t o r y  of Miranda began a f t e r  t h e  heavy 
bombardment had ended and a f t e r  much of t h e  a c t i v i t y  on t h e  o t h e r  s a t e l l i t e s  
had ceased. 
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POTAR BASIN 
Grooved A 10763+1345 2523+651 (283+218) (58+ 99) (12+45) 
Grooved B 22038T1805 5916335 908T366 (227383)  (6Df94) 
Chevron 1644G1911 2222T703 (156386)  (21T 68) (2T21) 
Boundary 856 1T1468 174G662 348T292 ( 9 1 3 5 1 )  (2 177 3)  
Average 15157-F 846 3352T398 A 3387126 - (56T5l) - ( 6 2 2 )  - 
GROOVED BASIN 
Margin (7263+559) 1737+273 355+124 151+ 81 (16+26) 
I n t e r i o r  (1032g1042) - 3371T596 A 794T289 - 206T147 - (77T90) - 
BANDED BASIN 
Margin (lE5+2206) (12115+ 768) 730+188 115+ 75 18+29 
I n t e r i o r  (93886T2057) - (59948T1644) - 13077243 - 232F102 - 6 G 5 1  - 
CRATERED TERRAIN 
A (-70°/2350) 15599-f-1789 78OO-t-1265 2179668 1017+457 (415+292) 
B (-4o0/27o0) 11034T1077 3153T576 736T278 15EF.126 (44T68) 
C (-30'13 15') 724G800 1126T3 15 581%23 435T196 177T125 
D (-65O/130:) 38312T1880 9045-14 1477T369 233-46 (62T76) 
E (-75O/175 ) (30037T3440) 98461969 2757T1042 (924T603) (325T358) 
F (-6!j0/1750) (32483Tl250) 10419T708 2357T337 (667T179) (235T106) 
G (-35O/195') (3265m472)  10325T828 252z409 598T199 ( 2 5 G 3 0 )  
H (-450/22s0) (2523Gl627) - 7658T896 2046T463 - 59G249 - (19jT143) - 
Numbers i n  parentheses are ex t r apo la t ions  of t h e  d a t a  t o  diameters a t  which 
c r a t e r s  of a g iven  s i z e  were not present  ( a t  t he  large-diameter end) o r  a t  
which r e so lu t ion ,  viewing, o r  l i g h t i n g  l i m i t a t i o n s  prohib i ted  accura t e  counting 
( a t  t h e  small-diameter end).  
